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METAL THIN FILM FORMATION METHOD 

(57) [Claini(s)] 

[Claim 1] The formation approach of the metal thin film characterized by to provide the process 
which deposits the metallic compounds fused at the temperature below decomposition temperature 
on the substrate front face which has a crevice, the process which carries out heating fusion of said 
deposited metallic compounds, and fills up these metallic compounds into said crevice of said 
substrate with this condition fused, and the process which pyrolyzes the metallic compounds with 
which said crevice was filled up, and forms a metal thin film. 

[Claim 2] The formation approach of the metal thin film characterized by to provide the process 
which deposits the metallic compounds fused at the temperature below decomposition temperature 
on the substrate fi-ont face which has a crevice, the melting process which heats said deposited 
metallic compounds at the temperature below decomposition temperature more than the melting 
temperature of these metallic compounds, and fuse these metallic compounds, and the pjnrolysis 
process which heat said fused metallic compounds further at the temperature more than the 
decomposition temperature of these metallic compounds, and form a metal thin film in said crevice. 
[Claim 3] Said pyrolysis process is the formation approach of the metal thin film according to daim 
2 characterized by carrying out in a reducing atmosphere. 

[Claim 4] Said melting process and said decomposition process are the formation approach of the 
metal thin film according to claim 2 or 3 characterized by carrying out repeatedly twice [ at least ] 
or more. 

[Claim 5] The metal which constitutes said metallic compovmds is the formation approach of a 
metal thin film given in any 1 term of claim 1 characterized by being copper thru/or claim 4. 
[Claim 6] Deposition of said metallic compounds is the formation approach of a metal thin film 
given in any 1 term of claim 1 characterized by applying on said substrate what melted powder-like 
metallic compounds in the solvent, and performing it thru/or claim 5. 

[Claim 7] The formation approach of the metal thin film characterized by to provide the compound 
film formation process which forms the film containing the metallic compounds fused at the 
temperature below decomposition temperature in the stabstrate front face which has irregularity, 
the melting process which heats said fihn at the temperature below decomposition temperature 
more than the melting temperature of said metallic compoimds, and fuse said metallic compounds, 
and the photolysis process which irradiates light at said metallic compounds, photodissociate these 
metallic compounds, and form the pattern of a metal thin film in the crevice of said substrate. 

[Detailed Description of the Invention] 
[Objects of the Invention] 
(Field of the Invention) 

This invention relates to the formation approach of a metal thin film, and relates to the approach of 
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* forming a metal thin fflm by decomposition from metalUc compounds especiaUy. 
(Prior art) 

In recent years, detailed-izing and miiltilayering are quickly advanced [ in / to which 
■detailed-ization of a circuit is progressing steadily / wiring ] with high integration of a 
semiconductor device. 

-As a wiring material, the aluminium alloy with which specific resistance uses 2.75micro ohm-cm 
and aluminum since it is low as a principal component is used widely 

However, in wiring materials, such as an aluminium alloy which uses such aluminum as a principal 
component, it originates in current density increasing by detailed-ization of wiring, and the problem 
of the open circuit by electromigration is becoming increasingly serious. 

Moreover, the stress migration by the heat stress concerning wiring is also posing a problem. 
Then, it has specific resistance lower than aluminum, and the melting point is higher than 
aluminum, and wiring which uses as a principal component the copper or copper which was further 
excellent in electromigration and a stress migration is beginning to be considered. 
Conventionally, formation of copper or a copper alloy thin film has been performed by the spatter 
like aluminum. However, in the present condition that detailed-izing and multaayering of copper 
wiring have progressed increasingly, there was a problem of having become easy to produce an open 
circuit of wiring and becoming the cause of a dependability fall of a semiconductor device for the 
badness of the essential step coverage nature in a spatter. 

Moreover, although it is needless to say in order to form wiring, it needs to be etched using the ion 
milling method etc. Since ion milling is etching using the sputtering effectiveness of inert gas, Cu 
particle by which sputtering was carried out from the front face adheres to a pattern side 
attachment wall, and checks pattern formation. Moreover, it adheres also to the wall surface of an 
etching chamber, it separates, and becomes the cause of dust. 

On the other hand, although it is the etching technique which reactive ion etching uses the plasma 
of the reactant gas containing a halogen, changes into a compound with high vapor pressure, and is 
exhausted out of a system, there is no ingredient with high vapor pressure in the compound of Cu. 
Even a chloride with the highest vapor pressure needs to heat a substrate at 350 degrees C or more, 
in order to perform etching in the usual semantics (collection [ besides Hoshino / of the 36th Japan 
Society of Applied Physics lecture drafts ] p.5701 p-L -1, Chiba, (1989)). However. Cu chloride 
desorbed from the substrate heated by 350 degrees C or more adheres to the waU surface of the 
chamber which is not heated, and the problem of dust arises like ion milling. In order to avoid this, 
it is necessary to heat the chamber itself but, and when conveyance of a substrate etc. is taken into 
consideration, it is very difficult to realize a mass-production etching system. Furthermore, there 
being also a problem of the etching mask ingredient which may cease to such an elevated 
temperature, and forming Cu wiring by etching has many difficult problems technically 
Then, the so-called selection CVD method which forms Cu fihn only in the location required as an 
approach replaced with the wiring formation by etching is proposed. 

It is reported that Cu fihn deposits this approach only on an oxidation silicone film using Cu 
acetylacetone mold complex with comparatively high vapor pressure on the substrate heated at 200 
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degrees C - 400 degrees C (Y. Hazxiki, Proc.of 11th Symp.on Dry Process, p.l73, Tokyo, (1989)). 
The foUowing pattern formation approaches can be considered, using the property which Cu 
deposits only on the oxidation silicone film 101. First, as shown in Fig. 10 (a), a polycrystal silicone 
film or the amorphous silicon fihn 102 is deposited on the oxidation silicone fflm 101 formed on the 
silicon substrate 100, and a resist pattern 103 is formed on it. 

And as shown in Fig. 10 (b), this polycrystal silicone fdm or the amorphous silicon fihn 102 is etched 
by using this resist pattern as a mask, and a resist pattern 103 is removed. 

In this condition, as shown in Fig. 10 (c), the Cu thin fihn 104 is alternatively formed using Cu 
acetylacetone mold complex on 200 - the oxidation silicone fihn 101 on the substrate heated at 400 
degrees C. Here, the Cu thin fihn 104 is not formed on a polycrystal silicone film or the amorphous 
silicon film 102, but is alternatively formed only on the oxidation silicone film 101. Then, it is 
possible by carrying out etching removal of a polycrystal silicone fihn or the amorphous silicon fihn 
102 by the dry etching using a fluorine (F) radical to form wiring, without etchhag Cu. 
However, if Cu acetylacetone **** is heated to ** whose origin of selectivity is the electric mquiry of 
the chemical bond (Cu-O association [ of the intermediate field containing the oxygen produced by 
the pyrolysis of Cu acetylacetone mold complex ], and Si-O association of siUcon oxide) comrade who 
has a polarity in association, and the temperature by which Cu-O association is destroyed, 
selectivity will collapse. 

Thus, maintaining selectivity and obtaining Cu fihn of the high quality which does not contain 
oxygen had the relation of a trade-off, and depositmg alternatively Cu fihn of the high quahty which 
does not contain oxygen essentially had the problem of being difficult. 

This relation was a problem appUcable to other metal thin fihns. without being limited to Cu thin 
fihn. 

(Object of the Invention) 

Thus, by the conventional approach, depositing alternatively the metal thin fihn of the high quality 
which does not contain oxygen essentially had the problem of being difficult. 

This invention was not made m view of said actual condition, and aims at offering the approach of 
forming the metal thin fihn of the high quality which does not contain oxygen. 

Moreover, this invention ahns at offering the approach of embedding a crevice alternatively with 

the metal thin film of high quality. 

[Elements of the Invention] 

(The means for solving a technical problem) 

Whether the metallic compounds which have the property fiised below with decomposition 
temperature in this invention are chosen as starting material, and this matter is melted to a solvent 
and applied mthe state of a solution, or it vapor-deposits Then, it remains [ or ] as it is. It carries on 
a substrate, and heats and fuses to the temperature of extent slightly higher than the melting point 
first under reducibility gas ambient atmospheres, such as inert gas. nitrogen or hydrogen, and a 
carbon monoxide, and he slushes into a substrate surface crevice etc., and is trying for the post 
heating decomposition or photolysis to generate a metal. 

That is, it is characterized by to provide the process which pyrolyzes the process which deposits the 
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metaUic compounds fused at the temperature below decomposition temperature on the substrate 
front face on which invention according to claim 1 has a crevice, the process which cames out 
heating fiision of said deposited metaUic compounds, and fill up these metallic compounds onto saad 
•crevice of said substrate with this condition fused, and the metallic compounds which filled up said 
crevice in order to attain the above-mentioned purpose, and forms a metal thin fihn. 
■ Moreover, the process which deposits the metallic compounds fused at the temperature below 
decomposition temperature on the substrate front face on which invention according to clami 2 has 
a crevice Said deposited metallic compounds are heated at the temperature below decomposition 
temperature more than the melting temperature of these metallic compounds. It is characterized by 
providing the melting process which fuses these metallic compounds, and the pyrolysis process 
which heats said fused metallic compounds further at the temperature more than the 
decomposition temperature of these metallic compounds, and forms a metal thinfihn in said crevice. 
Moreover, it is characterized by invention according to claim 3 performing said pyrolysis process m 
a reducing atmosphere in invention according to claim 2. 

Moreover, it is characterized by invention according to daim 4 performing said melting process and 
said decomposition process in invention according to daim 2 or 3 repeatedly twice [ at least ] or 
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Moreover, it is chararterized by the metal with which invention according to daim 5 constitutes 
said metaUic compounds in invention given in any 1 term of daim 1 thru/or daim 4 being copper 
Moreover, invention according to claim 6 is characterized by for deposition of said metaUic 
compounds applying on said substrate what melted powder-like metaUic compounds in the solvent, 
and performing it in invention given in any 1 term of daim 1 tbru/or daim 5. 

Moreover, the compound fihn formation process which forms the film containing the metaUic 
compounds fused at the temperature below decomposition temperature in the substrate front face 
on which invention according to daim 7 has irregularity. It is characterized by heating said fihn at 
the temperature below decomposition temperature more than the melting temperature of said 
metaUic compounds, and providing the melting process which fuses said metaUic compounds, and 
the photolysis process which irradiates light at said metaUic compounds, photodissodates these 
metaUic compounds, and forms the pattern of a metal thin fihn in the crevice of said substrate. 

(Operation) , 
In this invention, it is important to select metaUic compounds with the property fused below with 

decomposition temperature. , . , . 

That is, not a tiling that is suddenly decomposed with heating but an ingredient whidi is once 

dissolved at low temperature is used. 

If such an ingredient is laid in a substrate front face by approaches, such as spreading, and an 
ingredient dissolves witii heating at temperature a Utile higher than the melting point first, it wiU 
flow into a crevice etc. in an irregular substrate. 

If it heats in this condition more than decomposition temperatiire. a metal deposits in tiiis crevice 
etc. by the pyrolysis. 

Therefore, it is possible to embed a metal witii sufiTident workabUity in a contact hole or a beer hall. 
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and if the slot is formed beforehand, it is also possible to meet it and to form a metal membrane. 
Moreover, by making this pyrolysis condition etc. the optimal, selectivity is very good and the metal 
membrane of high quality with few contents of oxygen or carbon can be formed. 
In addition to such an operation, by each invention, it has the following operations. 
That is, in the 1st of this invention, after forming the film containing metallic compounds, melting 
temperature is passed, since a temperature up is carried out and he is trying to heat gradually to 
decomposition temperature, it once fuses with melting temperature, decomposition temperature is 
reached further, and metallic compounds decompose. 

Moreover, in the 2nd of this invention, a metal membrane pattern can be alternatively formed in a 
crevice by using an irregular substrate. 

Since heat the fihn at the temperature below decomposition temperature more than the melting 
temperature of metallic compounds first in the 3rd of this invention, make metallic compounds fuse, 
it heats further more than decomposition temperature, it pyrolyzes and he is trying to form the 
pattern of a metal thin fihn in the crevice of a substrate, if an ingredient dissolves similarly, it will 
flow into a crevice, and it is heated more than decomposition temperature, pyrolyzes, and is formed 
with selectivity sufficient [ a metal ] in this crevice etc. 

Desirably, this pyrolysis process can control mvdng of the oxygen to the inside of the fihn etc. by 
carrying out in a reducing atmosphere. 

By repeating this melting process and a pyrolysis process twice [ at least ] or more, and performing 
them still more desirably, generating of a crack can be controlled and the high metal membrane of 
adhesion with a substrate can be formed. 

Moreover, since it heats, metallic compounds are photodissociated, irradiating light and he is trying 
to form the pattern of a metal thin fihn in the crevice of said substrate afl^r making the fihn 
containing metallic compounds fuse in the 4th of this invention, by choosing exposure wavelength 
according to an ingredient, specific association is cut and it becomes possible to form a metal 
membrane efficiently Moreover, since excitation by light energy is performed, compared with a 
pyrolysis, it can decompose under low temperature. 

The good metal membrane which performs melting of metaUic compounds, can fill the clearance 
between membranous with the CVD film also in this case since he is trying to heat and pyrolyze 
said fihn after this more than the decomposition temperature of metaUic compounds, and does not 
have a crack can be formed at the melting process of metallic compounds the 5th of this mvention, 
growing up the thin fihn of this metal into coincidence from a gaseous phase with a CVD method etc. 
(Example) 

Hereafter, it explains to a detail, referring to a drawing about the example of this invention. 
Fig.l is a schematic diagram of the thin film deposition system used for the one example approach 
of the thin fi lm formation approach of this invention. 

This thin fihn deposition system possesses a vacuTim housing 1, the sample susceptor 3 which was 
installed m this vacuum housing and possesses the heating device of heater 2 grade, the exhaust air 
system 5 which carries out evacuation of the inside of a vacuum housing 1 through a bulb 4, and a 
gas feed system 7, and forms a copper thin film in the front face of the substrate 6 laid on sample 
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sxisceptor. 

First, a processed substrate is created. 

The pattern which carries out patterning of the oxidation silicone film 12 using reactive ion etching 
-using CHF3 by using as a mask the resist pattern which performed hydrogen-burning oxidation to 

the silicon substrate 11, formed the oxidation silicone fihn 12 of 8000A of thickness, and formed this 
■ by the photoUthography method, and has the Rhine & tooth-space pattern, a contact hole, etc. is 

formed. Oxygen plasma ashing removes a resist pattern after this ( FiR. 2 (a)). 

Thus, the chloroform saturated solution of copper stearate (Cu2 (C17H35COO)) is applied to the 
fi-ont'face of a silicon substrate 1 in which the pattern 12 of an oxidation silicone fihn was formed, 
chloroform is evaporated on the hot platen heated by 40 degrees C, the copper stearate film is 
formed, and it installs in the sample instaUation base 3 of the thin film deposition system shown in 
Fig. 1 . 

First, once making the inside of a vacuum housing 1 into a vacuum, a carbon monoxide is 
introduced fi-om a gas feed system 7, 760Torr(s) hold, and heating of a sample base is started. 
And after heating a substrate graduaUy over 30 minutes using a heater 2 to 370 degrees C and 
heating for 30 minutes at 370 degrees C, heating of a heater 2 was suspended and the sample base 3 
was cooled automatically. 

Thus, as shown in Fig. 2 (b), a copper film 13 is embedded good in a crevice. 

The result of having analyzed this film 3 with the secondary ion mass analyzer is shown in Fig^ . 
Although C other than Cu is observed and an impurity is contained so that clearly also firom this 
drawing, it turns out that the copper film is formed good. 

Furthermore, the X-ray **** chart of this fihn is shown in Fig. 4 . Consequently, a diffiraction peak 
is accepted and it turns out that this film is a polycrystal copper film. 

Next, the heat characteristic of the copper stearate used in this example was measured. This result 
is shown in Fig. 5 . 

Curve a is a DTA curve and a downward peak shows endothermic reaction. This result shows that 
fuse copper stearate at 120 degrees C, and decomposition starts at 18 degrees C. 
Curve b is a TG curve and shows weight reduction of a test sample for chemical analysis. As for 
copper stearate, near 180 degree C to weight reduction starts, it stops and a weight reduction rapid 
near 300 degree C turns into a quiet weight reduction fi:om this result more than by it. This shows 
that a pyrolysis starts above 180 degrees C. 320-degree C weight percentage reduction is 83%. Since 
it is 10%, even if it decomposes at 320 degrees C, as for the rate of disassembly of the copper in the 
inside of copper stearate, it turns out that 7% of impurity remains in addition. 
Whenever [ stoving temperature / of ** the 2nd for whenever / stoving temperature / of ** tiie 1st for 
carrying out melting of the copper stearate / needing to be 120 degrees C or more and 180 degrees C 
or less, and carrying out a pyrolysis firom this result, ] is understood that it is desirable that it is 320 
degrees C or more. 

Moreover, in this example, after forming a metal membrane by melting and decomposition, it heats 
fiirther more than the melting temperature of a metal thin fihn, and you make it once able to fuse, a 
clearance etc. can be filled, and adhesion with a substrate can be raised. 
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Example 2 Below, as the 2nd example of this invention, as shown in Fig^ , the approach using the 
thin film deposition system which prepared the microwave discharge device in the vacuum housing 
is explained. 

•In addition to the configuration of the thin fihn deposition system shown in Fig^ , with this 
equipment, the discharge tube 8 made from an alumina is formed in the end of the vacuum housing 

' 1 as a thin film formation room through the port 10. Introducing hydrogen from the gas feed system 
7 prepared in the end of this discharge tube 8 It is made to draw the hydrogen plasma which caused 
microwave discharge, excited hydrogen and was generated by the microwave supplied to the 
EBENSON mold cavity resonator 9 surrounding the surroundings of the discharge tube 8 firom the 
source 20 of a micro on the processed substrate 6 laid in the sample installation base 3 in a vacuum 
housing 1. About the other sections, it is formed like the thin film deposition system shown in FigJ, • 
Here, the frequency of the microwave introduced is 2.45GHz. 
How to form a copper thin film using this equipment is explained. 

First, a processed substrate as shown in Fig. 2 same with having prepared in the example 1 (a) is 
prepared. That is, the chloroform saturated solution of copper stearate (Cu2 (C17H35COO)) is 
appHed to the front face of a silicon substrate 1 in which the pattern 2 of an oxidation siHcone fihn 
was formed, chloroform is evaporated on the hot platen heated by 40 degrees C, the copper stearate 
fihn is formed, and it instaUs in the sample instaUation base 3 of the thin fihn deposition system 
shown in Fie. 6 . 

■ And once making the inside of a vacuum housing 1 into a vacuum, hydrogen is introduced firom a 
gas feed system 7, STonis) hold a pressure, and the microwave of lOOW was supplied and was made 
to discharge fiirst. 

And after heating a substrate gradually over 30 minutes using a heater 2 to 370 degrees C, it 
maintained for 30 minutes at 370 degrees C, heating of a heater 2 was suspended, and the sample 
base 3 was cooled automatically. 

Thus, the copper fdm 3 same with having been shown in Fig. 2 (b) is embedded good. 
Thus', as a result of carrying out SIMS analysis of the obtained fihn, as compared with the result 
decomposed in said carbon monoxide ambient atmosphere, the carbonaceous content decreased to 
several [1/]. 

Thus, by this approach, the film of high quality can be obtained more. 

Thus, the content of an impurity is reduced for an activity hydrogen atom tending to react with the 
oxygen in copper stearate, and a carbon atom. 

In addition, although this example explamed the approach on which the hydrogen atom generated 
by microwave discharge using downflow mold equipment is made to act, you may make it 
decompose thermally in the plasma using a barrel type or parallel monotonous mold plasma 
equipment. 

Example 3 Next, the 3rd example of this invention is explained. 

Although the example which is carrying out the temperature up and which was heated to the 
decomposition temperature of metallic compounds was explained in said 1st example so that 
melting temperature might be passed after forming the copper stearate film, in the following 
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examples, more than the melting point, predetermined carries out time amount heating below with 
decompo^tion temperature, and the example which performs two steps of heating processes heated 
more than long duration decomposition temperature is once explained after that. 
That is, the chloroform saturated solution of copper stearate (Cu2 (C17H35COO)) is applied to the 
front face of a silicon substrate 1 in which the pattern 2 of an oxidation silicone film was formed like 
examples 1 and 2, chloroform is evaporated on the hot platen heated by 50 degrees C, the copper 
stearate film is formed, and it installs in the sample instaUation base 3 of the thin film deposition 
system shown in Fig. 1 . 

first, the gas feed system 7 once carrying out evacuation of the inside of a vacuum housing 1 to 
10-3Torr to hydrogen - introducing - 760Torr(s) - holding . 

And heating of a heater 2 was started, after raising substrate temperature to 130 degrees C, 
heating it in this condition for 10 minutes, carrying out the temperature up of the heater 2 and 
heating it for 30 minutes at 370 degrees C again, heating of a heater 2 was suspended and the 
sample base 3 was cooled automatically. 

Thus, as shown in Fie. 7 , a copper film 3 is embedded good in a crevice. 

Although there is almost no difference as compared with the case where the shape of a 
concavo-convex fiush type is heated to decomposition temperature at a stretch, the shape of a flush 
type in a large field like the boundary line of the eel part of a memory device and the circumference 
circuit section is improved- 

Moreover, by repeating a melting process and a pyrolysis process twice [ at least ] or more, and 
performing them, generating of a crack can be controlled and the high metal membrane of adhesion 
with a substrate can be formed. Moreover, at this time, after ending at a melting process, adhesion 
with a substrate can be raised like said 1st example. It can decompose further again, dissolving 
low-melt point point metals, such as aluminum and Ga, to a copper stearate thin fihn, the clearance 
between membranous can be filled with a low-melt point point metal, and a good metal membrane 
without a crack can be formed. 

Example 4 Next, the 4th example of this invention is explained. 

In this example, in order to raise the adhesion of a copper film, the process fiirther heated to the 
copper melting point is added after copper film formation. 

First, as shown in Fig^ (a), after forming in the front face of a siHcon substrate 80 the circuit 
pattern 81 which consists of tungsten silicide (WSi) film, the silicon oxide film as an interlayer 
insulation film 82 is deposited, and flattening of the etchback is performed and carried out. And on 
this, the polycrystal silicone film 83 of 6000A of thickness was deposited with the reduced pressure 
CVD method, and patterning was carried out so that it might become a cross-section perpendicular 
configuration by reactive ion etching. Oxygen plasma ashing performed removal of a resist. 
Then, like an example 3, the chloroform saturated solution of copper stearate (Cu2 (C17H35COO)) 
is applied to the front face of this substrate, chloroform is evaporated on the hot platen heated by 50 
degrees C, the copper stearate film is formed, and it installs in the sample installation base 3 of the 
thin filTn deposition system shown in Fig. 1 . 

And similarly, once carrying out evacuation of the inside of a vacuum housing 1 to 10-3Torr, 
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hydrogen is introduced from a gas feed system 7, and it holds to 760Torr(s). 

And heating of a heater 2 was started, after raising substrate temperature to 130 degrees C, 
heating it in this condition for 10 minutes, carrying out the temperature up of the heater 2 and 
heating it for 3 minutes at 370 degrees C again, heating of a heater 2 was suspended and the 
sample base 3 was cooled automatically ( Fig. 8 (b)). 

Then, it introduces into a diffusion furnace further and 1100-degree-C heating for 60 minutes is 

performed under a hydrogen ambient atmosphere. 

Thus, the formed copper film 84 is what has very high adhesion. 

In addition, peeling of a copper fflm has produced what was taken out before 1100-degree-C heating 
for 60 minutes for the comparison. 

By this approach, after copper film formation, since the process heated to the temperature more 
than the copper melting point is added, the adhesion of the fflm and a substrate substrate can be 
improved and generating of peeling or a crack can be reduced. 
Example 5 Next, the 5th example of this invention is explained. 

Fig. 9 is a schematic diagram of the thin film deposition system used for the thin fihn formation 
approach of the 5th example of this invention. 

This thin fihn deposition system possesses the vacuum housing 91 which consists of a long quartz 
tube, 1st heater 92a wound near the end of the outside of this vacuum housing, 2nd heater 92b 
wou^ near the many items, the sample susceptor 93, the exhaust air system 95 which carries out 
.evacuation of the inside of a vacuum housing 91, and a gas feed system 97, and forms a copper thin 
fihn in the front face of the substrate laid on sample susceptor. A power source for 98a to drive 1st 
heater 92a and 98b are the power sources for driving 2nd heater 92b, 1st heater 92a is heated by 
130 degrees C, and 2nd heater 92b is heated by 370 degrees C. 
Next, how to form a copper thin film using this equipment is explained. 

First, like examples 3 and 4, the chloroform saturated solution of copper stearate (Cu2 
(C17H35COO)) is applied to the front face of this substrate, chloroform is evaporated on the hot 
platen heated by 50 degrees C, the copper stearate fihn is formed, and it instaUs in the sample 
installation base 93 of the thin film deposition system shown in Fig. 9 . 

And simHarly, once carrying out evacuation of the inside of a vacuum housing 1 to 10-3Torr, 
hydrogen is mtroduced from a gas feed system 7, and it holds to 760Torr(s). 

And heating of the 1st heater 92a and 2nd heater 92b is started, and it is made to go up to 130 
degrees C and 370 degrees C, respectively. In this condition, it moves to the field of 1st heater 92a, 
and the sample installation base 93 in which said substrate was laid is first left for 5 minutes. 
Subsequently, it moves to the field of 2nd heater 92b, and the sample installation base 93 is left for 
10 minutes. 

This actuation is repeated 3 times. 

Thus, there is also no generating of a crack about the formed copper fihn, and it has become what 
has very high adhesion. 

Example 6 Although the example 4 explamed how to heat after formation of a copper fihn more 
than the copper meltmg point, and raise adhesion, this processing is hnpossible when a low-melt 
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point point metal like aluminum is already formed. 

Thus, the approach when the abiHty not to perform high temperature processing is explained. 
The chloroform saturated solution of copper stearate (Cu2 (C17H35COO)) is first applied on the 
surface of a substrate like an example 4, chloroform is evaporated on the hot platen heated by 50 
degrees C, the copper stearate film is formed, and it installs in the sample instaUation base 3 of the 
thin film deposition system shown in Fig. 1 . 

And similarly, once carrying out evacuation of the inside of a vacuum housing 1 to 10-3Torr, 5% of 
silane (SiH4) by which hydrogen dilution was carried out from the gas feed system 7 is introduced, 
and it holds to 700Torr(s). 

And heating of a heater 2 was started, after raising substrate temperature to 130 degrees C, 
heating it in this condition for 10 minutes, carrying out the temperature up of the heater 2 and 
heating it for 30 minutes at 450 degrees C again, heating of a heater 2 was suspended and the 
sample base 3 was cooled automatically. 

Thus, it is what has very high adhesion about the formed copper film. 

This is a decomposition process and is because he is trying to form the fihn, introducing a silane, 
performing CVD and burying a clutch with a silicon alloy. 

In addition, although the above example explained the example which used copper stearate, it is 
appHcable if it is compounds which have the property fused below with decomposition temperature, 
such as a pyridine compound, without being limited to this. 

Moreover, in order to press down the impurity which remains in the metal membrane to generate as 
few as possible, the compounds which the organic big substituent combined with the metal atom, 
such as phenyl copper and thiophenyl copper, are more desirable. When it is the metallic 
compounds which the organic big substituent combined, it is for association to tend to go out 
between a metal atom and an organic substituent. 

Example 7 FinaUy, as the 7th example of this invention, it replaces with a pyrolysia and the 
example using a photolysis is explained. 

In this example, the solution melted to the organic solvent on the surface of the substrate like the 
following examples is applied using thiophenyl copper (CuC6H5S) as an ingredient, a solvent is 
evaporated on the hot platen heated by 50 degrees C, a thiophenyl copper film is formed, and it 
installs in the sample installation base 3 of the thin film deposition system shown in FigJ. . 
And after starting heating of a heater 2, raising substrate temperature and heating in this 
condition for 10 minutes, the temperature up of the heater 2 was carried out again, after irradiating 
the light of the wavelength for making thiophenyl copper disassemble for 30 minutes and heating it, 
heating of a heater 2 was suspended and the sample base 3 was cooled automaticaUy. 
Thus, the formed copper film is the thing of high quality extrranely. 

This is a decomposition process and is because optical pumping is performed and he is trying to 
form the film. 

Thus, by choosing the wavelength of exposure light, association can be cut in a suitable location and 
the film of a desired presentation can be formed. 

If it is the metal with which the compound which a metal atom is not limited to Cu, either and has 
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the same property further again exists, forming by the same approach is possible. For example, 
nickel and cobalt can be formed, if altiminum is formed or stearin acid nickel and stearin acid cobalt 
are used using aluminum stearate. Moreover, if it is made to perform these pyrolyses in a silane 
■ ambient atmosphere, nickel silicide and cobalt silicide can also be formed. 
[Effect of the Invention] 

' Since choose the metallic compounds fused below with decomposition temperatiire as starting 
material, carry this matter on a substrate, it heats and fuses to the temperature of extent slightly 
higher than the melting point first, it slushes into a crevice etc. and he is trying for an after [ this ] 
pyrolysis or a photolysis to generate a metal according to the approach of this invention as 
explained above, it becomes it is quality and possible to form a reliable thin film pattern. 

[Brief Description of the Drawings] 

Drawing showing the thin film deposition system with which Fie. 1 is used in the 1st example of 
this invention. Drawing showing [ 2 and 2 ] the film formation process of the 1st example of this 
invention (b) (a), Drawing showing the result of having analyzed the copper film in which Fig. 3 was 
formed in the 1st example with the secondary ion mass analyzer. Drawing showing the result of 
having measured the heat characteristic of the copper stearate which used drawing showing [ 4 ] 
the X diffi-action chart of this copper film, and Fig. 5 in this example. Drawing showing the thin fihn 
deposition system with which Fig. 6 is used in the 3rd example of this invention. Drawing showing 
the cross section of a copper film in which Fig. 7 was formed in the 3rd example of this invention, 
drawing showing [ 8 ] the film formation process of the 4th example of this invention, drawing 
showing [ 9 ] the thin fibn deposition system of the 5th example of this invention, and Fig. 10 are 
drawings showing the film formation process of the conventional example. 

1 [ .. Bulb, ] .... A vacuum housing, 2 .. A heater, 3 .. Sample susceptor, 4 5 [ .. The discharge tube, 9 / .. 
EBENSON mold cavity resonator, ] .... An exhaust air system, 6 .. A substrate, 7 .. Agas feed system, 
8 10 .... A port, 11 .. A silicon substrate, 12 .. Oxidation silicone film, 13 [ .. Circuit pattern, ] .... A 
copper film, 20 .. The source of a micro, 80 .. A silicon substrate, 81 82 [ .. A vacuum housing, 92a / 
The 1st heater, 92b / .. The 2nd heater, 93 / .. Sample susceptor, 95 / .. An exhaust air system, 97 / .. 
A gas feed system, 98a, 98b / .. Power source. ] .... An interlayer insulation film, 83 .. A polycrystal 
silicone film, 84 .. A copper film, 91 
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